REMARKS 

In view of the above amendments and following remarks, reconsideration and further 
examination are requested. 

In reply to the objection to claim 22, this claim has been amended so as to depend from 
claim 18. In reply to the 35 U.S.C. 1 12, second paragraph, rejection of claim 24, this claim has 
been amended to include the term -1%-- at the end thereof. Claims 13, 14, 17, 21, 23, 25, 27 
and 30-32 have been amended so as to more clearly bring out an inventive feature of the 
invention. And, claim 33 has been added. 

In the Final Rejection mailed April 4, 2007, claims 17-26 were rejected under 35 U.S.C. 
102(b) as being anticipated by EP '347. This rejection is respectfully traversed for the following 
reasons. 

In supporting the rejection of claims 17-26, the Examiner has taken the position that the 
heating and pulling of the reinforcing material 23 as expressed in paragraph [0033] of EP '347 
will indeed stretch the reinforcing material. However, it is respectfully submitted that there is 
nothing in EP 6 347 to indicate that the heating and pulling discussed therein will necessarily 
result in any stretching of the reinforcing material 23. In this regard, there is nothing in EP '347 
to suggest that a sufficient tension is created by this heating and pulling to indeed stretch 
reinforcing material 23. Accordingly, absent any explicit disclosure in EP '347 that reinforcing 
material 23 is indeed stretched, and absent any disclosure of any specific parameters that will 
indeed result in stretching of the reinforcing material upon the heating and pulling thereof, it does 
not necessarily flow from EP '347 that reinforcing material 23 is stretched as proffered by the 
Examiner. Thus, for this reason alone claim 17 is not anticipated by EP '347. 

Additionally, claim 17 also requires that the synthetic resin of the tape and the 
thermoplastic resin of the fibrous member are in the same family. Because the fiber-forming 
resin and the tape-forming resin of the instant invention are in the same family, an adhesive force 
is developed between the fiber and the tape to allow for full realization of the reinforcing 
function performed by the stretched fibrous member. EP '347 is silent with regard to the 
synthetic resin of reinforcing material 23 and the material of belt member 21 being in the same 
family. Accordingly, for this additional reason, claim 17 is not anticipated by EP '347. 
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"Stretching" (or "orientation") is an operation exercised in the field of resin processing 
by, for example, applying a force of tension to a resin filament at a temperature which is below 
the melting point and above the glass transition temperature of the resin, to increase a length of 
the filament several times. As a result, this stretched resin filament is provided with an enhanced 
orientation (i.e. an enhanced orientation of molecular chains forming the filament). In 
accordance with the instant invention, such stretching results in a filament exhibiting a far 
superior tensile strength (470 MPa as expressed at page 17, line 2, of the original specification, 
for example) as compared to a filament that is not stretched (tensile strength of 65 - 70 MPa as 
expressed at page 18, lines 6-8, of the original specification). 

For a better understanding of the "stretching" referred to above, provided herewith are 
copies of the following two references. 

1) Encyclopedia of Polymer Science and Engineering, Vol. 2, pp. 454-459 
(please see page 455), and 

2) Encyclopedia of Polymer Science and Engineering, Vol. 12, pp. 234-241 
(please see page 239). 

In contrast to the above, "extrusion molding" referred to in paragraph [0033] of EP '347 is 
an operation of extruding a resin at a temperature above the melting point of the resin to form the 
resin into an elongated shape. Accordingly, if a resin of the same family as the molten resin 
forming the belt member 21 is used as the reinforcing material 23, as asserted by the Examiner, 
then based on [0034] of EP '347, this reinforcing resin member will be melted together with the 
belt- forming resin in mandrel 7 so as to lose its reinforcing function. And, in such a melted state, 
the reinforcing material 23 fails to receive sufficient tension necessary for causing molecular 
orientation. Thus, based on the method employed by EP 6 347, the reinforcing material 23 is not 
in the same family as the material of belt member 21, the reinforcing material 23 is not stretched, 
or both. 

Irrespective of the above, to more clearly bring out an inventive feature of the invention, 
claim 17 has been amended to recite that the fibrous material is -stretch-oriented-- as opposed to 
being "stretched". Support for this amendment is believed to be found on page 12, lines 3-9 of 
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the original specification, for example. EP '347 is silent with regard to any orientation of the 
reinforcing material 23 resulting from performing the method of EP '347. 

In view of the above amendments and remarks, it is respectfully submitted that the 
present application is in condition for allowance and an early Notice of Allowance is earnestly 
solicited. 

If after reviewing this Amendment, the Examiner believes that any issues remain which 
must be resolved before the application can be passed to issue, the Examiner is invited to contact 
the Applicants' undersigned representative by telephone to resolve such issues. 



Respectfully submitted, 
Nobuyuki MASUMURA et al. 




Joseph M. Gorski 
Registration No. 46,500 
Attorney for Applicants 



JMG/ra 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
July 9, 2007 
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of extrusion, this process is more suitable for polyolefin and other heat-stable 
materials. 

A modification is the reciproca ting-screw method used for botLles between 
250 mL and 10 L in volume. After the parison is extruded, the screw moves back, 
accumulating melt in front of its tip. When the previously molded bottle has 
cooled, the mold opens, the bottle is removed, and the screw quickly moves for- 
ward, pushing plastic melt through the extrusion head forming the next parison; 
up to twelve parisons can be extruded simultaneously. A reciproca ting-screw 
extrusion blow smolder for a dairy bottle is shown in Figure 10. 




Fig. 1C Uniloy 350B2 8-head intermittent extrusion blow molder for the manu- 
facture of 2-L (Wgall milk bottles vrith handles. Production rates of over 65 bottles per 
minute have been achieved; also shown is the flash trimmer. Courtesy of Hoover Universal. 
Inc. 

Another modification is the ram-accumulator method, although no longer 
in widespread use. It is intended for parts weighing 2 kg or more. This system, 
much like the rectprocating-screw method, is used to extrude quickly heavy par- 
isons that might sag or be deformed by their own weighL The accumulator is a 
reservoir mounted alongside the extruder. A piston or plunger pushes the melt 
through tike extrusion head. In this method, unlike in the rectprocating-screw 
process, melt that enters the reservoir first is last to leave. As a result, melt 
history of the resin is not uniform. 

The accumulator head (see Fig. 11) has replaced the ram accumulator in 
its application for heavy parts. The tubular reservoir is a part of the extrusion 
head itself. Plastic melt that enters the head first is first to leave. A tubular 
plunger quickly extrudes the melt from the head anmilus with a low, uniform 
pressure,, which helps reduce the stresses found in other systems. 
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Fig. 1 1. Typical accumulator head. 



Related to extrusion blow molding is the exirtision-molded neck process (see 
Fig. 12). Still used by Owens-Illinois, this proprietary process can be traced to 
glass-blowing technology. In an unusual approach, the bottle neck is injection- 
molded and the bottle body is extrusion blow-molded. The two halves of the neck- 
finish cavity or neck ring are mounted to an actua ting-head assembly, which 
intermeshes with the two halves of the blow-mold cavity. Hie process cycle begins 
with the main-body mold cavity open and the neck-ring cavity closed. The ac- 
tua ting-head assembly moves downward to contact the extrusion die head. When 
in position, extrusion pressure fills the neck section with plastic melt. After 
holding for one to two seconds, the head assembly moves upward while the pari son 
is extruded. When the head assembly reaches the top of its stroke, the blow-mold 
cavity closes on the parison. Hie remaining steps of flash pinch-off, Mowing, and 
part removal follow conventional techniques. Although the production cycle is 
somewhat slow, the process offers the advantages of an accurately molded neck 
and of a parison held at both ends. 

Stretch Blow Molding. For stretch blow molding, mainly polyt ethylene 
tcrephthalate), polyvinyl chloride), polypropylene, and polyacryonitrile are used 
(3,6). In this process, based on the crystallization behavior of the resin, a parison 
or preform is temperature-conditioned and then rapidly stretched and cooled. For 
best results, the resin must be conditioned, stretched, and oriented just abov e 
the glass-transition temperature. At this point, the resin can be moved without 
the ride of crystallization (see Figs, 13 and 14). 

This process improves product performance, such as bo ttle-impact strength. 
cold strength , transparency, surface gloss, stiffness, and gas barrier (3,6). The 
bottles are lighter and less costly, and products that otherwise would not be 
suitable can be packaged. The process uses injection-molded, extruded, or extru- 
sion blow-molded parisons in one or two steps. 
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Fag. ia. Extrusjon-rooided neck blow-moMing process, (a) Bocfr section open , neck 
section dosed, neck section retracted; <b) neck section extended to mate with parison 
nozzle (plastic fills neck section): (c) neck section retracted with parison tube attached; 
(d) body section closed, making pinch-^(parison blown to body sidewalk); (e) body molds 
open, neck moMs open, bottle about to be ejected. 
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In the one step method, parison production, stretching, and blowing take 
place in the same machine In the two^tep method, the parison is produced 
separately from stretching and blowing. The main advantage of the one-step 
approach is the savings in energy. The parison is rapidly cooled to the stretch 
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stretch blow process. Courtesy of Jerome & SchauL 
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temperature. In the two-step approach, the parison is cooled to room temperature 
and reheated to the stretch temperature (see Fig. 14). On the other hand, pro- 
duction in the two-step method is more efficient, and a minor breakdown in one 
of the steps does not stop the other. The optimum balance of design vs output is 
also easier to achieve with the two-step approach. Limits on parison production, 
for example, do not force a compromise in parison design to achieve higher bottle 
production. For optimum performance, each bottle design has a unique parison- 
design and temperature-conditioning requirement which may or may not fit, for 
optimum productivity, the assumptions used in the design of the one-step equipment. 

In the injection stretch blow process, the parison is virtually the same as 
that used in injection blow molding. Both one- and two-step methods are used. 
In the two-step method, the parison is injection-molded in a separate machine, 
sorted, and placed in an oven for temperature conditioning and blow molding. A 
rod is used inside the parison, in combination with high air pressure, to complete 
the stretch (see Fig. 15). Injection stretch blow molding is commonly used for 
poly(ethy!ene terephthalate) resin. 




Fig- 15. A temperature-conditioned preform is inserted info the blow-mold cavity ; 
and is rapidly stretched. A rod is often used to stretch the preform in the axial direction, 
and air pressure to stretch the preform in the radial direction. 



The extruded parison stretch process can use either the one- or two-step 
method. In the former, a tube is extruded and fed directly into an oven for 
conditioning. After conditioning, the tube is cut into parison lengths. Mechanical 
fingers grab both ends and stretch the parison. The two mold halves close, where- 
upon air pressure expands the stretched parison against the mold cavity. In the 
two-step method, the extruded tube is cooled and cut to length. Later, the cut j 
tubes are placed in an oven for conditioning. This technique is used mainly for ! 
polypropylene, and occasionally for poly(vinyl chloride). 

With the extrusion blow stretch process, the pa rison is shaped and temper- 
ature-conditioned in a preform cavity in the same way a bottle is extrusion blow- 
molded. From this preform cavity, the parison is transferred to the bottle cavity, 
where a mod and air pressure combine to stretch and expand the resin. Poly (vinyl 
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coupled with good arc resistance and dielectric strength. Underwriters' Labora- 
tory has endorsed the exceptional stability of these resins for electrical and me- 
chanical properties by assigning continuous-use temperature ratings ranging 
from 105 to 140°C. Many PBT grades have UL ratings allowing than to be used 
in class B (130°O and class F (155°C) electrical-insulation systems, PETs out- 
standing recognition also includes approval for class H (180°O systems. Typical 
electrical-property ranges are dielectric strength, 14-25 kV/mm; dielectric con- 
stant (1 kHz), 3.1-3.8; volume resistivity, 10 IG ft cm; and dissipation factor 
(1 kHz), 0.001. Compounds are available with zero arc-tracking resistance under 
high voltage per UL Bulletin 746A . 

Weat h e rin g* In general, TPE resins have limited weather resistance, which 
can be made acceptable by adding stabilizers. Figure 4 shows the drop in PBT 
impact strength as a function of exposure time in a carbon arc WeatherOmeter 
(138) for both black and uncolored resins. Pigmented products, primarily black, 
are recommended for improved outdoor stability. Polymer degradation from uv 
exposure, particularly in the presence of heat, moisture, oxygen, or atmospheric 
pollutants, can result m embrittlement* chalking, surface crazing, discoloration, 
and loss of physical properties such as strength and impact (142). Stabilization 
of TPS materials against weathering damage can be achieved by adding uv- 
screening agents, absorbers, and quenchers. 




5000 



Exposure time, h 

Fig. 4. Hie effect of uv exposure on impact strength of PBT reinforced with 30 
wt % glass fiber with blade and uncolored resins (138). To convert kJ/tn 2 to fUM7in*, divide 
by 



Processing 

An important attribute of TPEs is their ability to be processed easily to 
yield a wide variety of molded parts, extruded shapes, sheeting, film, monofila- 
ment, or fibers. 

Injection Molding. PBT and PCTT (Kodar A- 150) have been used success- 
fully for nearly 15 years as injection-moldable crystalline and amorphous ther- 
moplastics, respectively. Unmodified PET had not teen acceptable as an injection- 
molding resin because it crystallizes slowly and needs a mold temperature of 
130-140°C. A number of modified PET resins that crystallize faster and are 
processed at mold temperatures below 100°C have been developed (143). 
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Before processing any TPE> drying is very critical to avoid hydrolysis during 
processing, which can cause a lower molecular weight and loss of mechanical 
properties (143,144). Commercially supplied PET resins can have a moisture 
content up to 400 ppm; during processing hydrolysis can occur at a moisture level 
above 200 ppm. Therefore, it is always recommended to dry the resins to a mois- 
ture content <200 ppra and maintain this level. In comparison to PET, PBT is 
less susceptible to hydrolysis and 400 ppm is the maximum recommended mois- 
ture content (145). Usual drying conditions for PBT are 2-4 h at 125"C; 3-5 h 
at 135— 150°C is recommended for PET. 

Injection molding of PBT (145-148). PET (149^-152), and PCTI (153) can be 
done on plunger, preplasticating screw plunger, or reciprocating screw-ram, in- 
jection-molding machines. It is recommended that barrel temperatures should be 
maintained at the lowest level to minimize melt degradation, which occurs at 
24(TC for PBT and at 290°C for PET. The preplasticating screw plunger and 
reciprocating screw-ram machines are preferred because they homogenize the 
melt at lower temperatures than the plunger machine and thus allow lower barrel 
temperatures and more rapid cycles. The machine should be sized so that the 
shot volume does not exceed 80-85% of the barrel capacity. Conventional molding 
machines for TPEs have a general-purpose screw design (qv) with a length-to- 
diameter ratio (Zd» of up to 18-24:1 (145). It is necessary to use a nozzle heater 
to prevent freezing of the rapidly crystallizing polymers, especially PBT. It is 
also recommended to use a shut-off nozzle with a minimum orifice diameter of 5 
nun to eliminate drooling of the low viscosity melt. 

The recommended processing conditions for TPEs are given in Table 4. The 
key processing variables that affect molding and part p erfo r m ance are the mois- 
ture level of the melt during processing, mold temperature, wall thickness, and 
the interaction of wall thickness with mold temperature. These are by no means 
the only important variables, but they are critical in establishing part quality 
and molding conditions. Extensive processing observations from laboratory in- 
vestigations and field trials, along with analytical measurements, have substan- 
tiated the influence of these variables on modified PET molding and finished part 
performance (114). 

Special attention should be placed on the processing temperatures used to 
injection-mold TPEs. Typically, unreinforced and glass-reinforced PBT should be 
processed at a cylinder temperature of 240-260°C and at high injection speeds; 
the upper temperature limit is reduced to 250°C for flame-retardant formulations. 
The major aim should be to keep the melt residence time in the cylinder to a 
minimum. This also means that the ratio of shot capacity (machine or cylinder 
size) to the weight of the part should not exceed 2:1. Special care is necessary 
when hot runners are used for molds. It is also recommended that the actual 
temperature of the melt should be monitored as it emerges through the nozzle, 
and the temperature controller should be adjusted accordingly, as the difference 
between the two values may be considerable. The principal PET grades are rein- 
forced either with glass fiber or glass-mineral combinations. Within these types 
of resins, there are impact-modified, flame-retarded, and other specialty grades. 
Melt temperatures generally are 260-27O°C, with flame-retarded grades having 
an upper melt-temperature limit of 295°C. 

All PBT grades have high solidification and crystallization rates, which 
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permit rapid processing and short production cycles. Thus fast ii^ectaon speeds 
have to be selected to avoid cooling and solidification of the melt during the mold 
filling. Care must be taken at high injection speeds to ensure that the mold is 
well vented, since excess compressed air may cause barn marks. Good melt flow, 
in conjunction with appropriate injection- and molding-pressure settings, results 
in faithful reproduction of mold contours. PET grades dsn have fast crystalli- 
zation rates and their processing speeds are almost as high as for PBT. For both 
PET and PBT the injection and damping pressures should always be high. Good 
results are obtained with injection pressure s of 10-60 MPa (1450-8700 psi) and 
screw speeds of 40-70 rpm. 

As a result of the high crystaUinity of PBT and PET, mold shrinkage is 
high. Fiber-reinforced grades exhibit anisotropic mold shrinkage which leads to 
warpage in large parts. The shrinkage of 30 wt % gfass^reinfaroed PBT in the 
flow direction is 0.4-0.6%; in the tr an s ver s e <firection, the value is larger, 0.8-1.0% 
resulting from differences in fiber orientation (138). Shrinkage as high as 1.7-&3% 
may occur in heavy sections. Shrinkage of PET parts may be slightly less. There 
are appreciable differences in mold shrinkage between nonreinfoioed and filled 
resins. Virgin grades have essentially the same shrinkage in the flow and trans- 
verse directions. The individual processing parameters influencing shrinkage 
must be controlled carefully. Moid temperature and wall thickness of the part 
also have considerable influence on mold- and postshrinkage. The mold temper- 
ature also affects the translucency of moldings caused by differences m crystal- 
Unity. With increased mold temperature, the color of the parts may be paler due 
to lower arystalHnity. For this reason, recommended mottte 

and 80-120*0 for PBT and PET, respectively. Gate designs should be sufficiently 
large in cross section to permit long dwell times. The type and location of the 
gate should always be chosen to give a uniform flow front and linear filling of 
the mold cavity. In all grades wall thicknesses and mold temperatures should be 
as uniform as possible. Another possible way of influencing warpage is to set 
different temperatures in the two halves of the mold. The effect of this temper- 
atu re difference on nonreinforced PBT is comparatively large. In glass-reinforced 
grades it is possible to influence warpage only if the temperature differences are 
extreme. The shrinkage differential parallel and perpendicular to the flow di- 
rection can be reduced by using mixtures of glass fiber and spheres. 

PBT is suitable for the manufacture of close-tolerance precision articles. 
However, the production of such moldings with high dimensional fidelity in non- 
reinforced PBT requires a mold temperature of 120-140°C, givii^ completely 
crystallized parts. This processing temperature prevents postshrinkage caused 
by postcrystaUization and maintains dimensional stability when parts are later 
subjected to high service temperatures. On the other hand, mold temperatures 
for precision articles of glass fiber-reinforced PBT can be 80-90°C and subsequent 
annealing (qv) is not required. The molding of metal or other inserts presents no 
problems with TPEs under normal processing conditions (138) (see also Injection 
molding). 

Extrusion. The TPEs are easily extruded into a number of configurations, 
ie f film, sheeting, tubing or pipe, profile, and monofilament (153,156-159). Sat- 
isfactory extrusion can be achieved with extruders capable of heating the melt 
to25O-300°C and having LD ratios off 20:1-24:1. Polyesters should be thoroughly 
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dried prior to extrusion), as with injection molding. The suggested melt temper- 
atures are 240-2G0°C for PBT, 260-275"C for PET, and 230-260°C forPCTL 
These polymers have low melt strength at the processing temperature, and where 
feasible, the lower end of the melt range should be used. When lowering the melt 
temperatures of PBT and PBT, care should be taken near the melting points (225 
and 250°C, respectively) and under shearing conditions, since these polymers 
may crystallize and resolidify. Molten polyesters should be supported dose to the 
die lips in order to retain the desired configuration. It is a good practice to design 
the die in a way to minimize melt hang-up which, if severe, coukt cause degra- 
dation and quality problems. The molecular weight requirements of the resins 
differ according to extrusion applications. Usually low molecular weight polymers 
are preferred for low tex (den) fibers; PET and PBT of fa) 06-0.7 and 0 8-0 9 
dL/g, respectively, are preferred (160). High molecular weight PET with an [n] 
°^ Ug 3nd hieher 15 eMployed to make fibers requiring toughness (eg, in tire 
cords). For films high molecular weight is required so that tears and holes do not 
occur during extrusion. Excellent films are obtained from PBT with W 1 2-1 3 
dl/g. Btaxially oriented PET films are widely used for their exceptional toughness 
and tear strength (see Polyesters, films). 

Quenching PBT from the melt to an amorphous state is exceedingly difficult 
because of its fast crystallization rate. Thus under all known molding and ex- 
trusion conditions, PBT always remains partially crystalline (25-55% minimum 
estimated from heats of fusion). Films of PBT are highly transparent and tough 
when formed in thin sections of ^0 2 mm, using rapid cooling and some shear 
The size of crystallites is small enough so that light is not scattered sufficiently 
to make the film opaque. For thicknesses above 0.2-0.25 mm, larger crystallites 
and spheruhtes cannot be avoided, resulting in opaque white extrudates. Chill- 
roll temperatures of 60-80°C are used to make PBT sheets and films. In order 
to achieve desired dimensions and uniformity for tubes and pipes, internal air 
pressure and a vacuum sizing chamber can be used. To cool the tubing pipe or 
profile to a dimensional ly stable state rapidly, a water bath at 10-25°C is used 
Extrusion of PET into a crystallized state is difficult because of the necessity to 
maintain the extrudate above 12u°C (preferably 140-150°O for a sufficient time 
to allow crystallization. High molecular weight (B^ > 40.000) PET can be ex- 
truded into amorphous sheet, pipes, and profiles by use of cold water (10°C) to 
achieve rapid quenching. Extruded parts are transparent and usable up to the 
glass-tiansition temperature («r© of PET. Amorphous films and monofilaments 
can be oriented and heat-set to give strong and tough products (see Films, 
manufacture). 

PCTI does not crystallize and thus only amorphous parts are produced This 
polymer has excellent melt strength and easily forms transparent and tough 
sheeting (qv), pipe (qv), and profiles. The polymer melt can be quenched on chill 
rolls or m a cooling water bath below the T e of 80"C, usually at 10-25°C 

In general, high molecular weight TPEs are required for extrusion so that 
the shape does not change once thepart is out of the die. This processing condition 
can be approached by lowering the processing temperature and minimizing the 
distance between the melt extrudate and the die. It is also possible to use branched 
or lightly cross-linked resins that exhibit greater melt strength or elasticity The 
generation of branching sites during extrusion is limited by equipment problems. 
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ddWn rate of by-products from the high melt vis- 
00^ (161-168). Therefore, solid-state polymerization of intermediate molecular 
s ^'r^"^ r of additives (eg. branching agents), followed by solid- 

state polymerization described previously, are the preferred methods to increase 
hv^ r T* 1 * 8 (47 >^ 69 - 182 > Active polymers (eg. ethy^-maL^! 
hS^SST"^ blOCk C ° p0,yraers) ^ melt-blended with PBTto 
^!!^^!^ r^^ 0 ^ n ^ kati ° nSa83 - 1871 (see also Bxtr^^ 



>. ^ * wc55 uas uecame important tor bottle forming nrST 

opally fromPBT and PCTL There are three main Wow-niolding©lS^Sanei 
use^T"^ mJe ^ < S^ and ^stretch BMThelatter^c^utt ™S 
used for bottle-grade PET because of its great number of advantage^USS-Wl) 
Tins process provides critical strength to the finished bottle be^ ofbShd 
orientation (qv) of the polymer. The molecular orientation enb^^clari^n> 

P Z"ZJ mpaCt StTCngth » tKwides and water-vapor-barrter^racte^^" 
3 rl!^S Creep 1 ( i 92 ' 193) - Excellent studies have ^n^^s^^^S 
aspects of blow molding (194-199). various 

«r JOSO^ BM ? a3r an in-line or a two^stage process. In the latter a preform 
n^eaSam? ZrfVlS Nectfa-Hrnddiog "Potion. This pariso/g 

reheated and conditioned at an orientation temperat ure between the T and th* 

j^l^S*^™* ^^^nsferred to a BMmaehine. A roTisi nserted^mto 
the panson to stretch »*>rl i* :^n„ _j . - . .. i«*wea mco 



; w « ^xvm uwuune. /\ roc is inserted mfcn 

* s**"* ^ ^ H axially ,„d to center it in the SSemS? 
SwSTT " f .'-■"•"f tosha P e *«^i» against the walls, the^X 
alvTJ^ta^^ Ra^.^0.000 bottte per h ca„ be ach^vJito ^ 



Uegradation during polymerization and processing ca uses formation of 
aSStti? 6 * A . n T 6r ^ led compress^rient BM is daimeoTr^ 

stSctodlnrthTnU^rfr «** °»* ( w 

^£2^ ""J* 3t ,OW te n»Perature and pressure. A core is inserted to 

compress the resm and cause it to flow and fill the cavity. From this point the 
pro^^nular to the stretch BM used for parisons. These mddmdoWcon! 

d^of^rt ^ * «•* »— - thermal 1£. 

totoon ofPET. The acetaldehyde content in the final bottle is an important Sctor 

bl^f^^t^™ with minimum acetaldehyde content can be prepared 
by conducting the final stages of the polymerization in the solid state thcaebv 

ZiX're^ dCgradati ° n ^ ^ acetaldehyde and oth^'vola^es 



j-rp In . < f^ , : to "^"tein consistent properties and uniform processing from 
Afferent batchesand various resin suppliers. PET is specified for^HoSI wS 
ZT^Za ° f 1 ° 72 ^» corresponding to an Af„ of ca 24,000^ca?iy 

ooIv^^H y , n l t ^ ly f >ndenSati ° n to ^ 0 66 d ^ frl followed by sol^Se 
polymerrrafcon to the final viscosity. In the case of 1-L and smaller bottles hirf*~ 
molecular weight resins are preferred with fo] of OB-1.0 dL/g. S£ 
mtrimic ™cos,ties below 0.70 dUg crystallize too fast, which cau^c^uSne^ 
and reduced toughness (see also Blow molding). ciouainess 
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Filament, Rim, and Sheet One of the largest uses of TPKs is in mono- 
filament extrusion, eg, for textiles, brush bristles, and tire cords. Films (qv) are 
extensively used in the packaging and photographic industries. These markets 
have been dominated by PET, but PBT and copolymers of PET also have been 
used successfully and have some advantages. Films can be made as a single layer 
or can be coex traded with other polymers into multilayer laminates, sometimes 
with as many as 100 layers (see Films, multilayer). Transparent film from PBT 
is achieved by rapid quenching of extruded thin sheet (<0.015 mm). Because of 
the slow crystallization rate of PET, it can be quenched in air, cold water, or with 
chill rolls to give clear amorphous sheets with thicknesses of 0.01-0.125 mm. 
Sheets are transparent and useful up to the T e of PET. Above T 0 crystallization 
occurs to give cloudy or opaque films. Sheets can be made crystalline by main- 
taining them at elevated temperature (120-150^) for sufficient time for crys- 
tallization to occur. Biaxial orientation and crystallization of PET fihn is the 
most important process to make tough PET film and sheets (see Polyesters, 
Films; Sheeting). 

Recycling. The rising cost of TPE polymers and their prevalent consumer 
uses place greater emphasis on scrap and recycling of used resins. The scrap parts 
from TPEs (eg, sprues and runners) are reground and blended with virgin resin 
up to 25 wt % for injection molding without significant loss of properties. Scrap 
can also be used to make parts where optical clarity is not important The re- 
cycling of PET bottles is important due to the huge volume of scrap. Presently 
in the United States, nine states have bottle-deposit laws, and by 1990, there 
might be a national bottle-return law. There is a continuing need for efficient, 
cost-effective recovery and recycling systems that can turn scrap bottles into 
useful products (203). Recycled PET cannot he used to make more bottles. Most 
of it goes into low-end products, such as fiberfill for pillows and outerwear, poly- 
ester foams, and strapping (204-211). Another new product that competes effec- 
tively with other foams is a cushioning material made from reclaimed PET de- 
veloped in Japan for automotive seats and bedding. A special process converts 
the scrap into short-fiber, coiled filament, which is mixed with a liquid adhesive 
and compression-molded into the desired shape. Use of recycled resin for nonbottle 
applications will free additional virgin resin for projected new bottling uses such 
as wine and beer. 

Three of the principal resin suppliers, DuPont, Goodyear, and Eastman 
Kodak, have their own recycling systems, and several machinery producers offer 
both technology and recycling equipment. In one process separation of aluminum 
caps and high density polyethylene (HDPE) base cups is carried out before bottle 
grinding; adhesives, residual sugars, and labels are removed later. Another pro- 
cess offers a complete recycling system which deeaps, decups, and color-separates 
on three granulators (one for base cups, one for clear bottles, and one for green 
bottles). Recently, a process has been developed in which the whole bottle scrap 
is ground together and then separated afterward. Currently, there are at least 
25 companies active in PET reclamation in the United States. One of the newest 
plants recycles 72 million bottles per year. In this process bottles are granulated, 
with or without aluminum caps and HDPE bases, and after a series of separation, 
washing, and drying steps, separate recycle streams of granulated PET and HDPE 
are produced. Paper labels are removed by an air-lift system and aluminum from 
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the caps is electrostatically separated. The key process is the HDPE-PET sep- 
aration, which is reported to be proprietary. After the PET separation, the resins 
are washed to remove residual glue and other contaminants, and then dried. The 
impurity content of the PET is reported to be <0 1%, not including moisture. The 
price of the recycled PET resin is reported to be 45-55 cents per kg compared to 
300 cents per kg for originally manufactured products (see also Disposal and 

REUSE OF PLASTICS). 



Fabrication 

The fabrication of TPEs presents few problems, especially for crystalline 
PET and PBT. These resins have little tendency to stick to tools because of their 
high melting points. They can be easily sawed, drilled, turned, milled, filed 
threaded, tapped, and reamed (138,139,148,150,153,156-159,212,213). 

Machining. Ordinary tools for machining steel, nonfenous metals, and in 
some cases wood may be used for TPEs. Virgin resins can be efficiently machined 
with high speed steel tools, but for high volume production, particularly with 
glass-reinforced resins, the use of carbide-tipped tools is recommended. Sharp 
cutting tools generate continuous chips without difficulty. Reinforced and non- 
reinforced grades can be machined readily with various milling machines. Even 
fire-re tardant grades produce good surface finishes using turning tools with var- 
ious shapes and cutting angles. In order to avoid sharp notches and obtain low 
peak-to-valley heights, turning tools with rounded points are preferred (rad 0.5-2 
mm). Clean holes can be drilled using special drills and conventional twist drills 
for efficient chip removal. Cutting speeds of 60 m/min and feed rates of 0.6 mm/ 
rev are typical. Under these conditions, holes 10-cm deep can be drilled without 
the need for cooling. Hacksaws, band saws, and circular saws can be used. Saw 
blades with teeth set in alternate directions, not too close together, have proven 
best. Clean surfaces can be obtained, even with thick sections. Grinding can be 
carried out using ordinary commercial grinding wheels and continuous sanding 
belts. Chrome oxide green is a recommended paste for prepofishing, and final 
polishing with a fine abrasive may be subsequently done. With deep grind marks, 
the polished surface, though smooth, may be undulating Special cooling is usu- 
ally not needed when grinding TPEs {see Machining). 

Welding. Tests have shown that nonreinforced PBT can be satisfactorily 
joined by means of hot gas or heated welding tools. The greater the content of 
glass fiber and fire retardants is, however, the weaker the resultant weld. When 
the surfaces to be welded are smooth, friction welding is highly suitable for 
nonreinforced and reinforced PBT. Electrode pressure and rotational speed are 
dependent on each other and can easily be determined empirically. Ultrasonic 
welding produces short welding times and good joint strength with PBT. This 
technique also facilitates the embedding of metal inserts such as threaded bushes. 
Essential preconditions for ultrasonic welding are an exact fit between the mating 
parts and the ability to accomplish the jointing operation without additional 
mechanical pressure. In some cases, step jointing is recommended because it 
provides a stronger joint than does butt welding, since the total area of the mating 
surface is larger. 



